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Using high performance liquid chromatographyHPLCand anthrone sulfuric acid
method,we studied significant viviparous mangrove species Bruguiera
gymnorrhiza, Kandelia obovata and hidden viviparous mangrove species
Aegiceras corniculatum, Avicennia marina at their different developmental
periodsflower-bud period, seed period, early germinating period and late
germinating period. Possible viviparous mechanism is proposed and discussed by
observing contents and ratios of GA3, ABA, soluble sugar and starch.
Experimental results are showed as follows:
1.Changes of endogenetic hormones content in different developmental stages of
reproductive organs of four mangrove species
(1)Changes of GA3 content is similar in four developmental stages for viviparous
mangrove species: it is increasing from seed period to late germinating period.
Viviparous mangrove species have highest GA3 content in seed period. It has the
highest amplification of GA3 content from flower-bud period to seed period, and
then it decreases from early germinating period to late geminating period.
(2)For Bruguiera gymnorrhiza and Kandelia obovata,the changing of ABA content
has the same trend: highest in flower-bud period, and decrease in seed period,
and lowest in early germinating period , then increase after germination. For
Aegiceras corniculatum and Avicennia marina, the changing of ABA content has
the same trend: highest in flower-bud period, lowest in seed period, and then
increase after germination.
(3)For four viviparous mangrove species, the changing of the ratio of GA3 /ABA
has the same trend in different developmental stages: increase and then
decrease. The ratio of GA3 /ABA is highest in seed period, ranging from 40 to 48.
For significant viviparous mangrove species, the ratio of GA3/ABA decreases a













ratio of GA3/ABA declines very significantly in early germinating period, but still
higher than flower-bud period and late germinating period. The ratio of GA3/ABA
shows no difference between flower-bud period and late germinating period for
the same mangrove species.
(4)The comparison of endogenic hormones GA3, ABA, and the ratio of GA3/ABA
in leaves of four mangrove species is showed as follows: The content of GA3 in
leaves of Bruguiera gymnorrhiza is highest, and the rest of other three mangrove
species show little difference. There is no significant difference among the ratio of
GA3 /ABA in leaves of four mangrove species, but the ratio is much lower than
seed period, higher than flower-bud period and late germinating period.
2.Changes of soluble sugar and starch contents in reproductive organs of four
viviparous mangrove species
(1)The content of soluble sugar increases gradually in different developmental
stages for Bruguiera gymnorrhiza and Avicennia marina. For Kandelia Obovata
and Aegiceras corniculatum,the content of soluble sugar increases from flower-
bud period to early germinating period, and then decreases after germination.
(2)For Bruguiera gymnorrhiza, the changing of starch content has the trend as
follows: highest in seed period, lowest in early germinating period. The changing
of starch content is similar in four developmental stages for the other viviparous
mangrove species: increases from flower-bud period to late germinating period.
(3)For four mangrove species, the changing of the ratio of sugar/starch has the
same trend: increases firstly and then decreases. The ratio is highest in early
germinating period, then decreases with varying degrees in late germinating
period. In flower-bud period the ratio is similar to seed period, and great changing
happened from seed period to early germinating period.
(4)The comparison of soluble sugar, starch and the ratio of sugar/starch in leaves
of four mangrove species is showed as follows: The soluble sugar content in













viviparous mangrove species. There is the lowest starch content in Kandelia
obovata leaves, and starch content shows no significant difference among the
other mangrove species. The ratio of sugar/starch in leaves of significant
viviparous species is much higher than hidden viviparous species.
 
         














         
[1] 林鹏,傅勤. 中国红树林环境生态及经济利用[M]. 北京：高等教育出版社,1995.
[2] 王伯荪,梁士楚,张炜银,咎启杰.世界红树植物区系[J]. 植物学报,2003, 45 (6): 646-653.
[3] 王文卿,王瑁.中国红树林[M]. 北京：科学出版社,2007.
[4] 林鹏. 中国红树林生态系[M]. 北京：科学出版社,1997.
[5] Harty C, Cheng D. Ecological assessment and strategies for the management of mangroves in Brisbane
Water-Gosford.New South Wales[J]. Australia Landscape and Urban Planning,2003,62：219-240.
[6] 邱广龙. 红树植物白骨壤繁殖生态研究与果实品质分析[D]. 广西大学,2005.6.
[7] 李元跃,林鹏. 中国红树植物生态解剖学研究综述[J]. 海洋科学, 2006, 30 (4): 69-73.
[8] 郑文教,林鹏. 盐度对红树植物海莲幼苗的生长和某些生理生态特征的影响[J]. 应用生态报, 1992, 3
(1) : 9-14.
[9] Tomlinson P B. The Botany of mangroves. Cambridge University Press[M]. Cambridge, 1986, 413.
[10] 林鹏. 中国红树林湿地与生态工程的几个问题[J]. 中国工程科学,2003 ,5 (6): 33-38.
[11] Bewley J D, Black M. Seeds Physiology of Development and Germination[M]. New York: Plenum Press,
1985.1-367.
[12] 孙振宁. 种子休眠的原因及破除方法[J]. 植物保护, 2007, (9): 1.
[13] 吴旭红. 胎萌的生理机制[J]. 中国种业, 2005, (6): 19-20.
[14] King M W , Roberts E H. The storage of recalcitrant seeds-achievements and possible approaches[J].
IBPGR Secretariat, Rome, 1979.
[15] 王晓峰, 傅家瑞. 芒果种子的脱水及贮藏研究[J]. 植物学报, 1991, 33 (2): 118-123.
[16] 叶能干. 佛手瓜[J]. 植物杂志, 1979, (3): 31.
[17] 叶能干. 胎生植物是怎样胎生的[J]. 植物杂志, 1979, (6): 20-21.
[18] Cummings D P, Stuthman D D, Green C E. Morphological mutations induced with ethyl methanesulfonate
in oats[J]. J Hered, 1978, 69 (1): 2-7.
[19] Fong F, Smith J D, Koehler D E. Early events in maize seed development. 1-Methyl -3- phenyl -5-(3-
[trifluoromethyl] phenyl)-4-(1H)-pyridinome induction of vivipary[J]. Plant Physiol, 1983, 73: 899-901.
[20] Eyster W H. A primitive sporophyte in maize[J]. Amer J Bot, 1924, 11: 7-14.  
[21] Bewley J D,Black M. Seeds physiology of development and germination[M]. New York: Plenum Press,
1985.
[22] Nakayama H,Yumura E. A role of water absorption in the viviparous germination of paddy rice[J]. Proc
Crop Sci Soc Jap, 1963, 31 (4): 404.
[23] Limberk J, Ulrychova M. Vivipary in fruits of tomato plants infected with mycoplasma disease, potato
Witches’ broom[J]. Phytopathol Z, 1972, 73 (3): 227-234.
[24] Sussex I. Growth and metabolism of the embryo and attached seedling of the viviparous Mangrove,
Rhizophora mangle . American Journal of Botany, 1975, 62 (9): 948-953.
[25] 王晓峰. 种子的胚胎萌发[J]. 植物生理学通讯,1999, 35 (2): 89-95.
[26] 张乔民,张叶春. 华南红树林海岸生物地貌过程研究[J]. 第四纪研究, 1997, (4): 344- 353.
[27] 林益明,林鹏. 中国红树林生态系统的植物种类、多样性、功能及其保护[J]. 海洋湖沼通报, 2001,
(3): 8-16.
[28] 冯德培, 谈家桢, 王鸣岐. 简明生物学词典[M]. 上海: 上海辞书出版社, 1983.
[29] 中国科学院植物研究所主编. 中国高等植物图鉴( 1~ 5册) 及补编(1~ 2 册)[M] . 北京:科学出版社,
1987.
[30] 张锡成,任林昌,陈季恂等. 中国胎生植物的种类和地理分布[J]. 东北林业大学学报, 2004, 32 (4): 90-
91.
[31] Wise R R, Juncosa A M. Ultrastructure of the transfer tissues during viviparous seedling development in













[32] Scholander P F, Dam L V , Scholander S T. Gas exchange in the roots of mangroves[J]. American Journal
of Botany,1955,42: 92-98.
[33] Brenner M L. Modem methods for plant growth substance analysis[J]. Ann.Rev.Plant Physiol. 1981, 32:
511-538.
[34] 王孝宣. 番茄品种耐寒性与ABA和可溶性糖含量的关系[J]. 园艺学报,1998, 25 (1): 56-60.
[35] Chapin III F S, Autumn K, Pugnaire F. Evolution of suites of traits in response to environmental stress [J].
Am Nat, 1993, 142(Suppl): 78-92.
[36] Bray E A. Plant responses to water deficit [J]. Trends Plant Sci, 1997, 2 (2): 48-54.
[37] Oliver M J, Bewley J D. Desiccation-tolerance of plant tissues: a mechanistic overview [J]. Hort Rev, 1997,
18: 171-213.
[38] Davies P J. Plant hormones: physiology, biochemistry and molecular biology[M]. Dordrecht, the
Netherlands: Kluwer Academic, 1995.
[39] Blom, C.W.P.M. Adaptations to flooding stress: from plant community to molecule[J]. Plant Biol, 1999, 1
(3): 261-273.
[40] 钱芝惠.胡杨生长的激素调节与矿质元素分析[D]. 北京: 中央民族大学, 2006.
[41] Ogawa M, Hanada A, Yamaguchi Y, et al. Gibberellin biosynthesis and response during Arabidopsis seed
germination [J]. Plant Cell, 2003, 15: 1591-1604.
[42] Seo M, Koshiba T. Complex regulation of ABA biosynthesis in plants[J]. Trends in Plant Science, 2002, 7
(1): 41-48.
[43] 张莉. 种子胎萌机制研究进展[J]. 细胞生物学, 2007, 29: 701-705.
[44] Farnsworth E J. The ecology and physiology of viviparous and recalcitrant seeds[J]. Annual Review of
Ecology and Systematics, 2000, 31: 107-138.
[45] Koch K E．Carbohydrate modulated gene expression in plants[J]. Annu. Rev. Plant Physiol [J]. Plant Mol.
Biol, 1996,47:509-540．
[46] Price J, Li T-C, Kang SG, Na JK, Jang J-C. Mechanisms of glucose signaling during germination of
Arabidopsis [J]. Plant Physiology, 2003, 132: 1424-1438．
[47] Dekkers B J W, Schuurmans J A M J, Smeekem S C M. Glucose delays seed germination
in Arabidopsis thaliana[J]. Planta, 2003, 218: 579-588．
[48] Koch K E, Ying Z, WU Y, et al. Multiple paths of sugar-sensing and a sugar/oxygen overlapfor genes of
sucrose and ethanol metabolism[J]. J Exp Bot, 2000 (51): 417-427.
[49] Arenas-Huertero F, Arroyo-Becerraa, Zhou L, et al. Analysis of Arabidopsis glucose insensitive mutants,
gin5 and gin6, reveals a central role of the plant hormone ANA in the regulation of plant vegetative development
by srgar[J]. Gene Dev, 2000 (14): 2085-2096.
[50] Corbsier L, Lejeune P, Bernier G. The role of carbohydrates in the induction of flowering in Arabidopsis
thaliana: Comparison between the wild type and a starchless mutant [J]. Plant, 1998 (206): 131-137.
[51] Ohto M, Onai K, Furukawa Y, et al. Effects of sugar on vegetative development and floral transition in
Arabidopsis thalianal[J]. Plant Physiol, 2001 (127): 252-261.
[52] 闫中正,王文卿,黄伟滨.红树胎生现象及其对潮间带生境适应性研究进展[J]. 生态学报,2004, (24)10:
2317-2323.
[53] Cunningham S M, Volence J J．Seasonal carbohydrate and nitrogen metabolism in roots of contrasting
alfalfa(Medicago sativa L.) cultivars [J]. Plant Physiol, 1998, 153: 220-225．
[54] 赵晋忠,岳爱琴,白向东,等. 植物抗寒研究进展[J]．生命的化学,2002,22 (1)：16-17．
[55] 程建华,张蓉建,晏书明,等. 糙米在不同储藏条件下的品质变化研究.粮食储藏, 2003 ( 3 ) : 42-46.
[56] 张瑛,吴先山,吴敬德,等. 稻谷储藏过程中理化特性变化的研究[J]. 中国粮油学报,2003, 18 ( 6 ): 20-
25.
[57] 冷石林, 韩仕峰.中国北方旱地作物节水增产理论与技术[M]. 北京:中国农业科技出版社, 1996.














[59] Jones O R, Hanser V L. No-tillage effects on infiltration, runoff and water conservation on dryland[J].
American society of Agriculture Engineers, 1994, 37 (2): 473-479.
[60] Katsvairo T, Cox W J, van Es H. Tillage and Rotation Effects on Soil Physical Characteristics [J]. Agronomy
Journal,2002,94:299-304.
[61] Chan K Y, Heenan D P. Effects of tillage and stubble management on soil water store, crop growth and yield
in a wheat-lupine rotation in southern NSW [J]. Aust. J. Agric. Res., 1996, 47: 479-488.
[62] Chen. H. H , Li D. H. Plant cold hardness and freezing stress[M]. Academic press. 1982 , 5.
[63] 王孝宣,李树德等.番茄品种耐寒性与ABA和可溶性糖含量的关系[J]. 园艺学报,1998, 25 (1) : 56-60.
[64] Karsten G. Ueber die Mangrove-Vegetation im malayisehen[J]. ArchiPel Einemorphologiseh -biologisehe
Studie Bibl Bor, 1891, 22:71.
[65] Guppy H B. Observation of a naturalist in the Pacific between 1896 and 1899[M]. London: Macmillan,
1906.
[66] Chapman V J. Respiration studies on mangrove seedlings[J]. Bull Mar Sci Gulf and Caribb, 1962, 12: 137-
167.
[67] Walter H, Steiner M. Die okologie derost-Afrikanischen Mangroven[J]. Z Bot, 1936, 30: 65- 193.
[68] 阮松林. 种子胎萌特性的研究[J]. 种子,1998(1)43-48.
[69] 吴旭红. 胎萌的生理机制[J]. 中国种业,2005(6)19-20.
[70] Sussex I. Growth and metabolism of the embryo and attached seedling of the viviparous
mangrove,Rhizophora mangle[J]. Amer J Bot, 1975, 62 (9): 948-953.
[71] Raghavan V. Induction of vivipary in Arabidopsis by silique culture: Implications for seed dormancy and
germination[J]. American Journal of Botany, 2002, 89 (5): 766-776.
[72] Farnsworth E J, Farrant J M. Reductions in abscisic acid are linked with viviparous reproduction in
mangroves [J]. American Journal of Botany , 1998, 85 (6): 760-769 .
[73]马焕普.用GC-MS检测苹果种子层积过程中内源MeJA、GA3、GA4和GA7的变化[J]. 植物生理学
报, 1996,22 (1): 81-86.
[74] Nikolaeva M G. An update of nikolaeva's seed dormancy classification system and its relevance to the
ecology, physiology, biogeography and phylogenetic relationships of seed dormancy and germination[J].
Botanicheskii Zhurnal, 2001, 86 (12): 1-14.
[75] 王洁,李敏,张宜辉,杨盛昌. HPLC测定木榄繁殖器官内源ABA和GA3含量[J]. 厦门大学学报,2008, 47
(5): 752-756
[76] 雷蕾,康庆华,张晓波,等. 反相高效液相色谱法分离和测定亚麻植株中植物激素[J]. 黑龙江农业科
学, 2001, (6): 21-22.
[77] 吴耕西,毕桂红. 高效液相色谱测定苹果叶片中的吲哚乙酸和脱落酸[J]. 山东农业大学学报, 1994,
25: 51-55.
[78] 陈小鹏,王秀峰,孙小镭,等. 高效液相色谱测定黄瓜瓜条中赤霉素和脱落酸含量[J]. 山东农业科学,
2005, (1): 65-67.
[79] 赵晓菊,唐中华,郭晓瑞,等. 固相萃取富集——高效液相色谱法测定长春花种的3种内源激素[J]. 色
谱, 2006, 24: 534.
[80] 唐莉娟,万益群.植物激素的分析研究进展[J]. 食品科学,2009, 30 (21): 393-398.
[81] 李合生. 植物生理生化实验原理和技术[M]. 北京：高等教育出版社,2000.
[82] 邹琦. 植物生理学实验指导[M]. 北京：中国农业出版社,2000.
[83] 林益明,向平,林鹏. 红树林单宁的研究进展[J]. 海洋科学,2005, 29: 59-63.
[84]吴耕西,毕桂红. 高效液相色谱测定苹果叶片中的吲哚乙酸和脱落酸[J]. 山东农业大学学报, 1994,
25: 51-55.
[85] 陈远平,杨文钰. 卵叶韭休眠芽中GA3、IAA、ABA和ZT的高效液相色谱法测定[J].  四川农业大学
学报,2005, 23 (4): 498-450.
[86] Ciha A J, Brenner M L, Brun W A. Rapid separation and quantification of abscisic acid from plant tissues













[87] Smith S M, Yang Y Y, Kamiya Y, et al. Effect of environment and gibberellins on the early growth and
development of the red mangrove, Rhizophora mangle L. [J]. Plant Growth Regulation, 1996, 20: 215-223.
[88] Zeevaart J A D, Greelman R A. Metabolism and physiology of abscisic acid[J]. Ann Rev Plant physiol Plant
Mol Biol, 1988,39:439-473.
[89] Kucera B, Paterson N W. Plant Hormones and the Control of Physiological Processes[J]. New Phytologist,
2001, 152: 374-407.
[90] Mccourt P, Lumba S, Tsuchiya Y, et al. Crosstalk and Abscisic Acid:the Roles of Terpenoid  Hormone in
Coordinating Development[J]. Physiologia Plantarum, 2005, 123: 147-152.
[91] 方志荣,苏智先,胡进耀. 脱落酸、赤霉素和乙烯对种子休眠的萌发和调控[J]. 西华师范大学学报,
2007, 28 (2): 127-132.
[92]李瑞棠,梁士楚,等. 几种红树植物幼苗中可溶性糖的含量[J]. 广西植物,1995, 15 (2)：187-188.
[93] Isao Hanashiro, Ikuo Ikeda, Osamu Honda, et al. Molecular structures and some properties of starches
from propagules of mangrove species[J]. Journal of Experimental Marine Biology and Ecology, 2004, 309: 141-
154.
[94] 林鹏,吴世军. 红树植物繁殖体发育过程的能量变化[J]. 海洋科学, 2000, 24(9): 46-50.
[95] 潘瑞炽. 植物生理学[M]. 北京: 高等教育出版社, 2004: 82-83.
[96] 王庆美,张立明,王振林. 甘薯内源激素变化与块根形成膨大的关系[J]. 中国农业科学,  2005, 38 (12):
2414-2420.
[97] Koornneef M , Rueling G, Karssen C M. The isolation and characterization of abscisic acid-insensitive
mutants of Arabidopsis thanliana[J]. Physiologia Plantarum , 1984, 61: 377-383.
[98] Karine G, Claudette J, Steven P C G, et al. Protemics of Arabidopsis seed germination. A comparative study
of wild-type and gibberellin-deficient seeds[J]. Plant Physiology, 2002, 129: 823-837.
[99]Elmqvist T, Cox P A. The evolution of vivipary in flowing plants[J] . Oikos, 1996, 77: 3-9.
[100]林鹏,中国红树林生态系[M]. 北京: 科学出版社, 1997.
[101] Hsiao A, Mclntyre I. Induction of vivipary in Avena fatua[J]. Physiologia Plantarum 1998,73: 128-133.
[102]Raju A J S, Jonathan K H, Lakshmi A V. Pollination biology of Ceriops decandra (Griff.)
Ding Hou (Rhizophoraceae), an important true viviparous mangrove tree species[J]. Current
Science 2006, 91: 1235-1238.
[103] Ismail FAR. The development of viviparous mangrove embryos: the role of ABA.
http://hdl.handle.net/2066/27016, 2005.
[104]Tomlinson P B, Cox P A. Systematic and functional anatomy of seedlings in mangrove
Rhizophoraceae: vivipary explained[J]. Botanical Journal of the Linnean Society, 2000, 134: 215
-231.
[105]Farrant J M, Pammenter N W, Cutting J G M, et al. The role of plant growth regulators in the
development and germination of the desiccation-sensitive(recalcitrant) seeds of Avicennia marina
[J]. Seed Sci Res, 1993, 3: 55-63.














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
